Background: In recent years in Japan, electronic games, home computers, and the internet have assumed an important place in people's lives, even for elementary school children. Subjective health complaints have also become a problem among children. In the present study, we investigated the relationship between media use and health status in elementary school children in Japan.
Background
In recent years, innovation in electronic media technologies has progressed dramatically, and electronic games, home computers, and the internet have assumed an important place in the lives of both adults and children, even elementary school children. Rideout et al. reported that the time spent using television (TV), personal computers (PC), and video games has increased from 1999 through 2009 in the United States of America [1] . Olds et al. reported that Australian children aged 10-13 years engage in nearly 4 hours of media use per day [2] . In Japan, the use of electronic media is similar to that in other industrial countries. For example, the mean prevalence rates of televisions and PCs per household were 99.6 % and 76.0 %, respectively, in Japan in 2011 [3] . These media provide us with useful information and fulfilment, but the excessive use of them has been identified as a health issue, even for elementary school children. Extensive television viewing tends to be associated with obesity [4] [5] [6] , sleep problems [7, 8] , and attention disorders [9] . Prolonged video viewing is related with poor attention span, poor creative imagination, and poor visual memory [10] .
Subjective health encompasses the physical, emotional, mental, social and behavioral components of well-being and functioning as perceived by the individual [11] [12] [13] , and subjective health complaints have become a problem among children. For example, Gobina et al. reported that health complaints, such as headache, stomach-ache, difficulties in getting to sleep, and nervousness were common among adolescents (11-, 13-, and 15-year-old boys and girls) in 19 countries in Europe and in the USA [14] . Ravens-Sieberer et al. reported that 44 % of school children have multiple recurrent health complaints, such as headache, stomach-ache, nervousness, sleeping difficulties, and dizziness, in 41 European and North-American countries. They also reported that older adolescents and girls had more health problems, and the gender difference increased with age [15] .
The relation between media use and some aspects of subjective health, such as sleep problems, has been reported [7, 8] . However, the relation has not been fully elucidated. Since both subjective health complaints and media use are common in adolescents, it is important to determine the relation between media use and the subjective health from a public health perspective. In addition, questions also arise regarding how much media use affects subjective health and what is the effect of the combination of media. However, little evidence has been collected on the influence of media use on children's subjective health.
Therefore, we conducted a population-based crosssectional study to investigate the current status of media use and the association of media use with health status and related factors in elementary school children in Japan.
Methods

Participants
We conducted a population-based cross-sectional study in three neighbouring cities (Awaji, Sumoto, and Minami-awaji) located in the urban area of Hyogo prefecture in the central part of Japan. A selfadministered questionnaire was conducted in May 2009. The subjects were fourth-, fifth-, and sixth-graders (age range: 10-12 years old; mean ± standard deviation of age: 10.05 ± 0.81 years old) in public elementary schools in these three cities (n = 3,690). The responders included 3,464 children, and the response rate was 93.9 %. The participants included 1,056 fourth-graders (509 boys and 547 girls), 1,195 fifth-graders (597 boys and 598 girls), and 1,213 sixth-graders (615 boys and 598 girls). The study was approved by Human Ethics Committee of Graduate School of Human Development and Environment, Kobe University.
Questionnaire
The questionnaire was anonymous and had three parts and a total of 21 fixed-choice questions. The first part included questions pertaining to the time spent using media (game, TV, and PC). Response options included:" none", " up to 1 hr", "up to 2 hrs", "2 hrs or more". The second part included 9 items pertaining to lifestyle, including the following: "bedtime", "waking time", "good feeling on waking", "breakfast eating", "eating breakfast alone", "dinner time", "eating dinner alone", "learning time at home", and "reading at home". The responses for "bedtime" included "-21:00", "21:00-22:00", "22:00-23:00", "23:00-24:00", "24:00-", and "irregular". The response for "waking time" included "-6:00", "6:00-7:00", "7:00-8:00", "8:00-", and "irregular". The responses for "good feeling on walking", "eating breakfast alone", "eating dinner alone", or "reading at home" included "usually", "often", "occasionally", and "seldom". The responses for "breakfast eating" included "everyday", "often", "occasionally", and "seldom". The responses for "dinner time" included "-18:00", "18:00-19:00", "19:00-20:00", "20:00-21:00", and "21:00-". The responses for "learning time at home" included "none", "up to 30 min", "30-60 min", "1-2 hrs", and "2 hrs-". The third part included 9 items pertaining to subjective health complaints, as follows: "depression", "sleeplessness", "ill at ease", "dizziness", "poor appetite", "headache", "abdominal pain", "short-tempered", and "negative thinking". Each item had 4 responses: "usually", "often", "occasionally", and "seldom". The questionnaire was distributed during class by a teacher at each elementary school, and then collected after it was completed.
Statistical analysis
To assess the differences among factors, Values are head-counts. TV: television, PC: personal computer. *p<0.05for chi-square test.
Results
The amounts of time spent using games, TV, and PCs are shown in Table 1 . The time spent using games was significantly less in girls than boys (p < 0.001). In addition, children in older grades spent more time using TV and PCs than children in younger grades (TV, p < 0.001; PCs, p < 0.001). Lifestyle according to time spent using games, TV, or PCs is shown in Table 2 . Children who spent more than 1 hr using games had significantly later bedtimes than those who spent less than 1 hr using games (p < 0.001) and had later waking times (p < 0.001), a lower rate of "good feeling on waking" (p < 0.001), a lower frequency of eating breakfast (p < 0.001), a higher frequency of eating breakfast alone (p < 0.001), had less learning time at home (p < 0.001), and spent less time reading at home (p < 0.001). Those who spent more than 1 hr using TV had significantly later bedtimes than those who spent less than 1 hr using TV (p < 0.001) and had later waking times (p = 0.002), a lower rate of "good feeling on waking" (p < 0.001), a lower frequency of eating breakfast (p = 0.002), a higher frequency of eating breakfast alone (p = 0.001), later dinner times (p = 0.005), and spent less time reading at home (p < 0.001). Those who spent more than 1 hr using PCs had significantly later bedtimes than those who spent less than 1 hr using PCs (p < 0.001) and had later waking times (p = 0.025), a lower rate of "good feeling on waking" (p = 0.005), a lower frequency of eating breakfast (p < 0.001), a higher frequency of "eating breakfast alone" (p < 0.001), a higher frequency of "eating dinner alone" (p = 0.005), and had more "learning time at home" (p = 0.001). Subjective health complaints according to time spent using games, TV, and PCs are shown in Table 3 . Children who spent more than 1 hr using games had a significantly higher frequency of depression than those who spent less than 1 hr using games (p < 0.001) and had a higher frequency of sleeplessness (p < 0.001), feeling ill at ease (p < 0.001), dizziness (p < 0.001), poor appetite (p < 0.001), headache (p = 0.002), abdominal pain (p = 0.003), being short-tempered (p < 0.001), and negative thinking (p < 0.001). Those who spent more than 1 hr using TV had a significantly higher frequency of sleeplessness than those who spent less than 1 hr using TV (p = 0.032) and had a higher frequency of feeling ill at ease (p = 0.001), poor appetite (p = 0.037), and being short-tempered (p < 0.001). Those who spent more than 1 hr using PCs had a significantly higher frequency of depression than those who spent less than 1 hr using PCs (p = 0.001) and had a higher frequency of sleeplessness (p = 0.022), feeling ill at ease (p = 0.008), dizziness (p < 0.001), poor appetite (p = 0.003), headache (p = 0.001), abdominal pain (p = 0.010), being short-tempered (p < 0.001), and negative thinking (p < 0.001).
The relationships among games, TV, and PCs are shown in Table 4 . Games were positively related with TV (Spearman's ρ = 0.191, p < 0.001) or PCs (Spearman's ρ = 0.242, p < 0.001). TV was positively related with PCs (Spearman's ρ = 0.110, p < 0.001).
The results of the logistic regression model exploring the association between the plural use of media and lifestyle are shown in Table 5 . Children who spent more than 1 hr on each of one, two, or all media devices were almost twice as likely (odds of one device: 1.224, p = 0.034; odds of two devices: 1.908, p < 0.001; odds of all devices: 2.258, p < 0.001) to go to bed at later hours, after the model was adjusted for sex and grade. Those who spent more than 1 hr on each of all media devices were almost two and one-half times more likely (odds: 2.502, p = 0.001) to wake at later hours, after the model was adjusted for sex and grade. Those who spent more than 1 hr on each of two or all media devices were twice as likely (odds of two devices: 2.071, p < 0.001) or two and one-half times as likely (odds of all devices: 2.621, p < 0.001) to have a bad feeling on waking, after the model was adjusted for sex and grade. Those who spent more than 1 hr on each of two or all media devices were about 4 times (odds of two devices: 3.843, p < 0.001) or 8 times (odds of all devices: 7.816, p < 0.001) more likely to eat breakfast with low frequency, after the model was adjusted for sex and grade. Those who spent more than 1 hr on each of one, two, or all media devices were about one and one-half times more likely (odds of one device: 1.301, p = 0.004; odds of two devices: 1.436, p = 0.003; odds of all devices: 1.572, p = 0.046) to eat breakfast alone, after the model was adjusted for sex and grade. Those who spent more than 1 hr on each of two or all media devices were about one and one-half times more likely (odds of two devices: 1.436, p = 0.003; odds of all devices: 1.572, p = 0.046) to eat breakfast alone, after the model was adjusted for sex and grade. Those who spent more than 1 hr on each of two media devices were almost one and one-half times more likely (odds: 1.306, p = 0.049) to eat dinner at later hours, after the model was adjusted for sex and grade. Those who spent more than 1 hr on each of one, two, or all media devices were about one and one-half times (odds of one device: 1.360, p < 0.001; odds of all devices: 1.633, p = 0.025) or two times (odds of two devices: 1.835, p < 0.001) more likely to read books with low frequency, after the model was adjusted for sex and grade.
The results of the logistic regression model exploring the association between the plural use of media and subjective complaints are shown in Table 6 . Children who spent more than 1 hr on each of two or all media devices were almost one and one-half times more likely (odds of two devices: 1.456, p = 0.001; odds of all devices: 1.644, p = 0.024) to feel "depression", after the model was adjusted for sex and grade. Those who spent more than 1 hr on each of two or all media devices were almost one and one-half times (odds of two devices: 1.477, p = 0.001) or two times (odds of all devices: 1.783, p = 0.007) more likely to feel "sleeplessness", after the model was adjusted for sex and grade. Those who spent more than 1 hr on each of one, two, or all media devices were between 1.2 and 2.5 times more likely (odds of one device: 1.286, p = 0.003; odds of two devices: 1.704, p < 0.001; odds of all devices: 2.476, p < 0.001) to feel "ill at ease", after the model was adjusted for sex and grade. Those who spent more than 1 hr on each of two or all media devices were almost two times more likely (odds of two devices: 1.728, p < 0.001; odds of all devices: 1.791, p = 0.016) to feel "dizziness", after the model was adjusted for sex and grade. Those who spent more than 1 hr on each of one or two media devices were almost one and one-half times more likely (odds of one device:1.248, p = 0.018; odds of two devices: 1.555, p < 0.001) to have a "poor appetite", after the model was adjusted for sex and grade. Those who spent more than 1 hr on each of two or all media devices were almost one and one-half times (odds of two devices: 1.327, p = 0.012) or two times (odds of all devices: 1.854, p = 0.004) more likely to suffer from "headache", after the model was adjusted for sex and grade. Those who spent more than 1 hr on each of two media devices were almost one and one-half times more likely (odds: 1.420, p = 0.005) to feel "abdominal pain", after the model was adjusted for sex and grade. Those who spent more than 1 hr on each of one, two, or all media devices were almost one and one-half times (odds of one device:1.446, p < 0.001) or two times (odds of two devices: 2.271, p < 0.001; odds of all devices: 1.864, p = 0.004) more likely to feel "short-tempered", after the model was adjusted for sex and grade. Those who spent more than 1 hr on each of two or all media devices were almost one and one-half times (odds of two devices: 1.463, p = 0.001) or two times (odds of all devices: 2.128, p < 0.001) more likely to experience "negative thinking", after the model was adjusted for sex and grade.
Discussion
We investigated the relationship between media use and lifestyle or subjective health complaints in elementary school children in Japan. The main finding of the present study was that those who spent more time using media had less healthy lifestyles and more subjective health complaints. In addition, game use, TV use, and PC use were mutually associated, and the plural use of these media had a stronger association with unhealthy lifestyles and subjective health complaints. In the present study, those who spent more than 1 hr using a media device went to bed at a later time, woke at a later time, had a low frequency of feeling good on waking, ate breakfast with low frequency, and ate breakfast alone with high frequency. These indicators related to sleep or breakfast are associated with lifestyle regularity. According to the previous study, there was some evidence indicating that media use consumed time or displaced other activities after school. Van den Bulck reported that secondary school students who watched more television, played computer games, or used the internet went to bed later [16] , and skipped meals [17, 18] . These results suggest that media use may be responsible for lifestyle irregularity through the displacement of daily activities or through surplus time spent.
Regarding subjective health complaints, those who spent more than 1 hr using a media device were more likely to have subjective health complaints, regardless of the kind of media. Bener et al. and Mathers et al. showed similar results in 6-to 18-year-old children and adolescents (mean age, 16 years old) [19, 20] . Namely, they found that spending prolonged hours using a computer or TV was associated with poor life habits, such as sleeplessness [19, 20] . Nagane et al. reported that lifestyle irregularity is associated with health complaints in university students [21] . In the present study, excessive media use was related with unhealthy lifestyles, which may be causally related to the frequency of subjective health complaints. In addition, the present results showed that game and PC use had stronger associations with multiple subjective health complaints than TV viewing, although the prevalence of the excessive use of TV was greater than that for games or PCs. The reason for this discrepancy among these media is not clear. There have been few previous reports in which differences among media are discussed. The present study also cannot address the reason for this discrepancy. It has been reported in children and adolescents that TV viewing is related with sedentary behavior and obesity because it involves long periods of sitting [19, 22, 23] . On the other hand, most of the studies regarding addiction referred to the influence of game or computer use [24] [25] [26] [27] . It is not clear why specific health issues are connected to specific media. The results of the present and previous studies may reflect the mechanism underlying the related health issues. Indeed, games, TV, and PCs involve very different communication methods. For example, TV watching is a one-way communication experience, while game-playing and PC operation involve two-way communication. In future studies, we should focus on the differences among these media.
Game use, TV use, and PC use for more than 1 hr per day were positively mutually correlated. We then verified the cumulative effects when these media were used for more than 1 hr combined. It was found that the greater the number of media used for more than 1 hr was, the higher the odds ratio of the association between media use and subjective health complaints was. Up to now, there has been little evidence with which to assess the combined effect of media on subjective health complaints in elementary school children. In adolescents, Punamaki et al. found that intensive usage of information and communication technology was associated with poor subjective health in adolescents [8] . In the present study, the plural use of media was also strongly associated with unhealthy lifestyles. This unhealthy lifestyle that accompanies the plural use of media may have an influence on subjective health complaints. As a consequence, the present results suggest that the plural use of media has a cumulative influence on subjective health.
The limitations of this study should be noted. First, the present study has a cross-sectional design which cannot draw conclusion about any cause-effect relationship. Second, the samples were collected from a limited area in Japan. Future studies will need to collect samples from a wider area and to employ a longitudinal design for the estimation of any cause-effect relationship. Third, the questionnaire in the present study has not been sufficiently validated, and the link between subjective health and objectively assessed health indices has not been established. In addition, we did not separate sedentary gaming from active gaming. Active gaming could be health enhancing, such as through energy expenditure [28] . Therefore, interpretation of our results may be limited.
Conclusions
We investigated the relationship between media use and lifestyle or subjective health complaints in elementary school children in Japan. Media use was positively associated with unhealthy lifestyles and subjective health complaints. In addition, game, TV, and PC use were mutually associated, and the plural use of these media had stronger associations with unhealthy lifestyles and subjective health complaints.
